In this study, we present an evaluation of the (PM 10 ) and carbon monoxide (CO) particulate matter exposure level originated from the four power plants in the area using Air Pollution Dispersion Model. Combined use of AREMOD (The American Meteorological Society/Environmental Protection Agency Regulatory Model), ArcGIS and health risk assessment were applied to estimate the level of pollution in thirteen municipal receptors in the city. The results indicated the long-range transport of the pollutants from the power plants expected to impose significant health impacts on residential receptors. Almost 80000 inhabitants of the city were exposed to PM 10 concentration, ranging between 50-75 µg/m 3 and 100000 were exposed to CO concentration, ranging between 40-45 µg/m 3 . Approximately, 1200 hectares of the city were exposed to PM 10 concentration, ranging from 40 to 50 µg/m 3 and 370 hectares of the city area were exposed to CO concentration between 50-75 µg/m 3 . Comparison between simulated and observed concentrations of pollutants shows a little overestimation by model.
Introduction
More than %60 of the world population will live in metropolitan areas by 2050 [1] . Rapid urbanization and industrialization in developing country associated with increases in air pollution [2] [3] [4] [5] [6] . In fact, air pollution crisis becoming a humanitarian catastrophe due to poor city planning.
Energy produced by fuel combustion such as fossil fuel power accounts for most of the worldwide air pollution, generating 85% of airborne inhalable particulate pollution [7] [8] [9] [10] . Due to significant amount of studies the harmful impacts of the air pollutants emission from power plants especially with respect to global warming and health impacts have been recognized [11] [12] [13] [14] . The air contaminants such as toxic gaseous and particulate matter emitted from power plants can be dispersed over large areas in the surroundings of these stationary pollution sources which caused harmful impacts on human health and environment [15] . Exposure to high levels of particulate matter (PM 2.5 and PM 10 ) causes intense adverse health particularly for those who live nearby the PM sources [16] . Moreover, exposure to the ambient particulate matter (PM 10 ) has been contributed with both short and long-term impacts on mortality and morbidity for several reasons [17] [18] [19] [20] . Carbon monoxide (CO) is another well-known important air contaminant originated from partial oxidation of fossil fuel compounds such as incomplete combustion of Mazut in burners of the thermal and gas power plants. While power plants are not expected to be main sources of CO, small changes in the efficiency of fuel combustion could have a positive impact on the CO emissions reduction [21] . The AERMOD has been described as a more refined dispersion model in complex and simple terrain for determining the impact of air pollutants emanating from industrial sources on receptors [22] . Presently, AERMOD as the replacement to ISC is the preferred dispersion model by USEPA [23] .
The main objective of this study was to use AERMOD model as a prognostic tool to aid in the prediction of plume concentration and dispersion emitted from the four power plants around Mashhad city in Iran. This study led to predict the pollutants exposure levels over the thirteen receptors of the city. In fact, we simulated the role of burning fossil fuel such as Mazut in burners of the power plants in the urban air pollution as well as its health risk assessment (HRA) on the residents. The area of 625 Km 2 , included city of Mashhad and its countryside, had been analyzed for the exposure assessment based on three approaches: 1) Estimation of each subdivision metropolitan areas (receptors) exposure to pollutants, 2) Estimation of city's population exposure to pollutants, and 3) Estimation of areas exposure to pollutants. 
Study Area
Mashhad is the second most populous city in Iran with more than three million permanent inhabitants, which is included 3.8 percent of the total population of the country [24] . Placement of Figure 1 Placement of Table 1 4
The simulated concentration of PM 10 and CO close to stacks and over the city were compared to the national industrial emission standards. Air Quality Standard Permit for PM 10 and CO emission from stacks of power plants is listed in Table2.
Placement of Table 2 3. Meteorological data
We used hourly surface and upper-air meteorological data in the AERMOD model as inputs.
Wind velocity, temperature, pressure, dew point and solar radiation were observed at each site. Placement of Figure 2 
Modeling part
Air pollution modeling is simulated as a programmed and interactive series of computational modules with the ability to transform one set of databases such as meteorology, geography, and emissions into another data set like concentration, depositions or health harm [25] . The Gaussian plume dispersion model is used as the most frequent air pollution model to estimate the concentration of a contaminant at a certain point due to its simplicity [25] . AERMOD is a steady-state Gaussian plume model, which incorporates air distribution based on planetary boundary layer turbulence (The lowest part of the atmosphere or surface layer) structure and scaling concept (Over both surface and mixed layer scaling), including accurate spatio-temporal predictions and treatments as well as simple and complex terrain [26] . Also, AERMOD has been accepted by several countries such as China [27] , Thailand and Malaysia as standard tool to predict transport and dispersion of pollutants such as particulate matter and toxic gas from stationary sources like power plants in air [28] . In this study, the modeling package (ISC-AERMOD View, version 4.5) was performed to simulate the transport and dispersion of PM 10 5 and CO over Mashhad city. The Source types include four Power Plants close to the city. We used parameters such as geographic coordinates of the plants, type of power units, height and diameter of the stacks, temperature, flow and velocity of the exhaust gases as well as the mass flow of the pollutants in air dispersion pollution model. The raw data including surface roughness, albedo, and Bowen's ratio was processed by AERMET, AERMAP, AERMINUTE, and AERSURFACE to use in the AERMOD model. ArcGIS software was used as a data analyzer tool for PM 10 and CO pollution exposure assessment. This software is a powerful tool for management of spatial and temporal data.
Statistical evaluation of model performance
To determine the reliability of PM 10 
Where, N represents the number of data, P i and O i are the predicted and observed concentrations, respectively, and (Table 1 ). Nevertheless, the exposure level of the Pollutants is too high because of the closeness and density of human populations in this part of the city.
Moreover, the last power plant, Shariati, located in the south-east of the city and very close to Placement of Figure 3 
Exposure assessment of PM10 and CO
In this study, we conducted the exposure assessment based on three approaches using ArcGIS: 1)
Estimation of each Metropolitan area (receptor) exposure to pollutants 2) Estimation of the city's population exposure to pollutants 3) Estimation of areas exposure to pollutants. In the first approach, we divided the city to thirteen metropolitan areas (receptors), and estimated exposure to PM 10 concentration for each district receptors areas. We found that, the receptor No. 9 with about 75000 population has the highest PM 10 exposure, and its ranges are from 45 to 50 µg/m Placement of Figure 4 In the second approach, we considered city population exposure to PM 10 and CO concentrations. Placement of Figure 5 In the last approach, third, we have found the amount of area exposed by PM 10 and CO concentrations. Practically, 540 hectares of the city area were exposed to PM 10 concentration of 50-75 µg/m3, and 1200 hectares of the city were exposed to PM 10 concentration, ranging from 40
to 50 µg/m 3 ; whereas, almost 2340 hectares of the city wasn't exposed to PM 10 ( Figure 6-a) .
Approximately 370 hectares of the city area were exposed to CO concentration between 50-75 µg/m3, and 1400 hectares of the city area wasn't exposed to CO (Figure 6-b) .
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Evaluation of AERMOD Model
As expected, CO concentrations simulated using AERMOD were close to the observed concentrations than the PM 10 concentration distributions, because secondary PM 10 sources were not included in this study such as generation of PM 10 by human activities (burning of fossil fuels by vehicles and industrial). Also, PM 10 can be generated by the natural processes like forest fires and volcanoes, and it can be transported for thousands of kilometers during dust events (Gupta and Mohan, 2013) . Table 3 presented the values of the IOA, FB, NMSE, and RMSE. The IOA varies from 0.0 to 1.0, and IOA values above 0.5 are considered as accurate predictions.
According Table 3 , IOA have been calculated for PM 10 respectively [29] . In this study, FB has been estimated very close to zero. The NMSE shows the scatter in the data set, and smaller values of NMSE represent better model performance. We have calculated RMSE for PM 10 and CO about 0.0561 and 0.1213, respectively. The RMSE value should be close to zero for high accuracy. We evaluated the validity of the AERMOD Model output by using the scatter plot between simulated and observed pollutants concentration ( Figure   7 ). The R-squared (r 2 ) for PM 10 and CO were calculated 0.7177 and 0.8159, respectively. The high values of R-squared (close to one) indicate high performance of the AERMOD model.
Comparison between simulated and observed data shows a little overestimation by model for both pollutants. The concentrations of air pollutants were influenced by the stack heights and meteorological conditions. Therefore, industrial plants should consider adjusting stack heights and outlet velocities to reduce the ambient air concentrations of pollutants at vulnerable receptors located near the plants.
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Conclusion
In this study, air quality dispersion model was conducted to determine the level of pollutants (PM 10 In this study, we also estimated the population exposure level of PM 10 
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